I schemic mitral regurgitation (IMR) has been recognized as an important complication after acute myocardial infarction (AMI) and is known to worsen patients' prognoses even if the degree of mitral regurgitation (MR) is mild to moderate. [1] [2] [3] [4] [5] [6] [7] However, the majority of previously published studies have been based on the severity of IMR in the subacute or chronic time period of myocardial infarction, with heterogeneous study populations and various reperfusion techniques.
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Primary percutaneous coronary intervention (PCI) for AMI can provide dynamic improvement of left ventricular (LV) function, [8] [9] [10] which should dramatically affect the magnitude of IMR. Although some recent studies have reported the prognostic value of the IMR 11, 12 or the effect of revascularization on the degree of IMR in patients who underwent PCI, [13] [14] [15] [16] [17] serial dynamics of IMR from the emergency room (ER) to followup period after PCI has yet to be investigated. In the present study, we retrospectively examined the dynamics of IMR after primary PCI for AMI, to clarify (1) the acute effect of primary PCI on IMR and its relation to the degree of acute changes in LV parameters and (2) the chronic effect of primary PCI on IMR along with chronic LV remodeling/reverse remodeling. We also evaluated the predictors of changes in the IMR and the resulting prognostic impact of IMR in each clinical stage after primary PCI. Course of Ischemic MR After Primary PCI included. Exclusion criteria were as follows: (1) the presence of organic valve disease, (2) inadequate echocardiographic images, (3) cardiac shock or cardiac arrest on arrival, and (4) papillary muscle rupture or other mechanical complications.
This study was performed in accordance with the institution review board and ethics committee of the Miyazaki Medical Association Hospital.
PCI Procedure
In this study, AMI was defined as myocardial infarction within 72 hours from the onset of symptoms as per the Third Universal Definition of Myocardial Infarction. 18 Immediately after the initial diagnosis of AMI by blood test and electrocardiographic/echocardiographic findings, patients were sent to the catheterization laboratory for emergency coronary angiography.
Cardiac catheterization was performed via transradial or femoral approach using 6 to 7F guiding catheters, with every patient receiving aspirin and clopidogrel or prasugrel. All patients gave informed written consent.
Successful PCI was defined as a final thrombolysis in myocardial infarction (TIMI) flow of 2 to 3 with a residual stenosis of <25%.
PCI procedures were performed by 6 interventional cardiologists using standard techniques with no formal institutional protocol on the management of MR.
Echocardiography
Each patient underwent standard 2-dimensional and Doppler echocardiography at (1) ER (pre-PCI); (2) time of discharge (1-2 weeks after PCI; early post-PCI); and (3) 6 to 8 months after PCI (late post-PCI). Echocardiography was performed using Vivid7, VividV9 (GE Medical Systems, Milwaukee, WI), IE33, and EPIQ (Philips Medical Systems, Bothell, WA). LV end-diastolic diameter, LV end-systolic diameter, LV end-diastolic volume, LV end-systolic volume, and LV ejection fraction were measured. The severity of IMR was semiquantified initially using color flow Doppler, to which further quantitative parameters were added: average vena contracta width on apical 4-chamber and 2-chamber color Doppler images. Average vena contracta width of 3 to <5 mm was defined as mild, 5 to <8 mm as moderate, and ≥8 mm as severe IMR in this study. 19 Mitral valve tenting height and tenting area were measured in the parasternal long-axis view as per previously published articles. 2, 20 All the echo images were retrospectively reviewed by 2 cardiologists (S.N. and N.W.). Offline measurements of echocardiographic parameters were done by TomTec-Arena (TomTec, Germany).
Prognosis
All data were collected retrospectively from medical records and our database. A telephone survey was performed to obtain follow-up information.
The rate of major adverse cardiac events was defined as the composite of cardiac death, recurrent myocardial infarction, rehospitalization for congestive heart failure, and cardiac surgery such as coronary artery bypass graft surgery and mitral valve repair or replacement.
Statistical Analysis
Continuous variables were expressed as mean±SD and categorical variables as numbers and frequency (%). Intergroup comparisons were conducted using t test and the Kruskal-Wallis nonparametric test for continuous data. Categorical data were compared using the likelihood-ratio χ 2 test. Event rates after onset were estimated using the Kaplan-Meier method, and differences among groups were assessed by the log-rank test. Multivariable logistic regression was used to identify independent predictors of the improvement of IMR and the presence of chronic IMR. Multivariable analysis in this study has been done with variables including age, sex, onset-toreperfusion time, total occlusion, multivessel disease, peak creatine kinase-myocardial band (CK-MB), and LV parameters before PCI, such as ejection fraction, end-diastolic dimension, and end-systolic dimension. A 2-sided P value<0.05 was considered to indicate statistical significance. All analyses were performed using IBM SPSS Statistics (version 22; IBM Corporation, Somers, NY). Interobserver and intraobserver variabilities were assessed for average vena contracta width in 10 randomly selected exams. Interobserver variability was calculated as the absolute difference between the 2 readings, in percent of their mean, and averaged over the 10 exams. Intraobserver variability was calculated as the absolute difference between the first and second determinations (3-week interval) for a single observer, in percent of their mean, and averaged over the 10 exams.
Results
Primary PCI was successfully conducted in 546 patients. Five hundred and twenty patients (95.2%) showed TIMI3, and 26 patients (4.8%) showed TIMI2 after PCI. Average onset-toreperfusion time was 514±649 minutes. Average door-to-balloon time was 68±37 minutes.
Incidence of IMR and Basic Clinical Characteristics in Different Clinical Stages of AMI

Acute Phase: Pre-PCI and Early Post-PCI
On arrival (pre-PCI), mild MR was present in 130 patients (24%). Moderate MR was present in 53 patients (10%), and severe MR was present in 10 patients (2%). Compared with the IMR(−) group, the IMR(+) group included patients of higher age, more female sex, lower rate of smoking history, and higher rate of renal dysfunction on arrival. Brain natriuretic peptide and CK-MB on arrival were higher in the IMR(+) group than that in the IMR(−) group. There were no significant differences in the angiographic characteristics between the 2 groups (Table 1) .
Before discharge (15±13 days after successful PCI), mild MR was present in 132 patients (28%), moderate MR was present in 41 patients (9%), and severe MR was present in 6 patients (1%).
Chronic Phase After PCI: Late Post-PCI
In the chronic phase (6-8 months post-PCI), mild MR was present in 99 patients (23%), moderate MR was present in 16 patients (4%), and severe MR was present in 3 patients (1%). Higher age, more number of female patients, and lower rate of smoking history were found in the IMR(+) group compared with the IMR(−) group. Brain natriuretic peptide and CK-MB max on arrival were higher in the IMR(+) group than that in the IMR(−) group (Table 2 ).
Baseline Angiographic Characteristics and Procedural Outcomes
There were no significant differences in the procedural characteristics of PCI between the 2 groups. No significant differences were observed in the prevalence of IMR among the culprit vessels (Tables 1 and 2 ).
IMR and Echocardiographic Parameters in the Acute/Chronic Phase
In the acute phase, LV diameters were significantly larger, and LVEF was lower in the IMR(+) group than that in the IMR(−) group. Leaflet tenting height and tenting area were significantly larger in the IMR(+) group than that in the IMR(−) group. In the chronic phase, LV systolic diameter was Course of Ischemic MR After Primary PCI significantly larger and LVEF was lower in the IMR(+) group than the IMR(−) group (Table 3) .
Changes in the Degree of IMR Over the Course of Revascularized AMI
Changes in the degree of IMR in the early phase after PCI were studied in 467 patients, and it was possible to study the chronic changes in the IMR from the early post-PCI to the late post-PCI (6-8 months after PCI) in 390 patients (Figures 1  and 2 ).
In the acute phase after primary PCI, IMR was alleviated to none or trivial in 43 patients, and 20 patients revealed significant improvement in the IMR by the time of discharge. IMR worsened during hospitalization in 19 patients despite successful PCI. IMR was newly developed early after PCI in 59 of 304 patients (19%) who had none or trivial IMR on admission.
In the chronic phase, IMR was alleviated to none or trivial in 65 patients after primary PCI, and 14 patients revealed significant improvement in the degree of IMR by the time of 6 to 8 months from PCI. IMR worsened after discharge in 5 patients despite successful PCI. IMR was newly developed in 31 of 246 patients (13%) with none or trivial IMR early after PCI.
Changes in LV Function and IMR in the Acute/ Chronic Phase After PCI
Changes in the magnitude of IMR were significantly related to the degree of LV improvement. LV end-diastolic volume, LV end-systolic volume, and LV ejection fraction improved Data are expressed as mean±SD or number (percentage) of patients. BNP indicates brain natriuretic peptide; CK, creatine kinase; CK-MB, creatine kinase-myocardial band; IMR, ischemic mitral regurgitation; LAD, left anterior descending coronary artery; LMT, left main trunk; LCX, left circumflex coronary artery; PCI, percutaneous coronary intervention; RCA, right coronary artery; and TIMI, thrombolysis in myocardial infarction. Course of Ischemic MR After Primary PCI with greater degree in the IMR-improvement group compared with the IMR-no change group and then the IMR-worsening group, both in the acute phase and the chronic phase after PCI (P<0.01; Figure 3 ).
There was no significant relationship between the changes in blood pressure and the changes in IMR severity (acute change, P=0.94; and chronic change, P=0.56 for systolic blood pressure).
Predictive Factors of Phasic Changes in IMR
Multivariable analysis shows that shorter onset-to-reperfusion time and TIMI≥1 at initial angiography were the independent predictors of improvement in IMR early after primary PCI (pre-PCI to early post-PCI). Post-PCI TIMI grade (2 or 3) did not have a significant impact on the improvement of IMR after PCI. On the contrary, lower peak CK-MB level was an independent predictor of improvement in IMR after primary PCI in the chronic phase (early post-PCI to late post-PCI). Higher age, lower EF at the acute phase, and higher peak CK-MB were the independent predictors of persistent ≥mild IMR at 6 to 8 months after primary PCI. Initial tenting parameters were not independent predictors of the improvement in the degree of IMR after primary PCI (Table 4 ). Data are expressed as mean±SD or number (%) of patients. BNP indicates brain natriuretic peptide; CK, creatine kinase; CK-MB, creatine kinase-myocardial band; IMR, ischemic mitral regurgitation; LAD, left anterior descending coronary artery; LMT, left main trunk; LCX, left circumflex coronary artery; PCI, percutaneous coronary intervention; RCA, right coronary artery; and TIMI, thrombolysis in myocardial infarction. Course of Ischemic MR After Primary PCI
Impact of Acute IMR and Chronic IMR on Cardiac Events
Prognostic Value of Acute (pre-PCI) IMR ≥mild IMR detected at ER significantly worsened the longterm prognosis after primary PCI ( Figure 4B ). Interestingly, the existence of ≥moderate IMR before PCI at ER was associated with adverse 30-day prognosis after successful primary PCI for AMI ( Figure 4A ).
Prognostic Value of IMR in Chronic Phase
The existence of ≥mild IMR in the follow-up period after primary PCI was associated with decreased survival from cardiac events ( Figure 5) .
The intraobserver and interobserver variabilities for average vena contracta width measurements were 5.0% and 4.8%, respectively.
Discussion
In the present study, we examined the course of IMR in patients with first-onset AMI who underwent successful PCI by retrospectively reviewing echocardiographic images. This is the first clinical study that serially examined the incidence and severity of IMR through the course of the disease from ER to the early/late follow-up period, with a specific focus on the effect of successful emergency revascularization in equally treated first-onset AMI in a consecutive manner. Acute changes in the degree of IMR were seen along with LV dynamics early after emergency coronary revascularization by primary PCI. Onset-to-reperfusion time and nontotal occlusion at the first angiogram were the independent predictors of acute improvement of IMR after PCI. The degrees of IMR also changed in the chronic stage, reflecting the degree of LV remodeling/reverse remodeling in the chronic phase after AMI. Age, pre-EF, and peak CK-MB were independent predictors of the existence of IMR in the follow-up phase. Existence of clinically significant IMR in the acute and chronic phases of AMI significantly worsened the short-term and long-term prognosis after PCI, respectively.
Primary PCI for AMI is an effective procedure to rescue the damaged myocardium. [8] [9] [10] The earlier the onset-toreperfusion time, the greater the degree of LV salvage can be expected, which results in prompt LV improvement and then chronic reverse remodeling of the LV. In the present study, we separately showed the dynamics of IMR in (1) the early stage and (2) the follow-up period after PCI as an effect of the emergency reperfusion.
IMR is generally regarded as an indicator of adverse outcomes after AMI, even if the severity of regurgitation is mild. 1, 3, 11 Because of its clinical importance, the latest guidelines published by the American Heart Association/ American College of Cardiology 21 and European Society of 
IMR in the Acute Phase of AMI/Before Primary PCI
The existence of IMR on arrival had a prognostic value on 30-day event-free survival and long-term survival. To our knowledge, this is the first study that has clarified the incidence of IMR in the acute phase of AMI and its prognostic value.
Changes in the Degree of IMR Early and Late After Primary PCI
In the acute phase after PCI, while IMR improved or alleviated in ≈40% of the studied population, IMR could newly develop or worsen even though the culprit lesion was successfully revascularized. Acute changes in the magnitude of IMR were related to the degree of LV changes, which would reflect the amount of rescued myocardium by emergency revascularization. The earlier the onset-to-reperfusion time, the greater the degree of rapid LV improvement is expected. Similarly in the chronic phase, the degrees of IMR changed along with LV remodeling or reverse remodeling in 6 to 8 months after primary PCI. LV remodeling can slowly progress in the heart damaged by acute ischemia, even after primary PCI. In patients with high peak CK-MB, possible late progression (6-8 months after PCI) of IMR should be taken into account during the follow-up period. Interestingly, the initial improvement did not guarantee subsequent good outcome on the degree of IMR. Twenty-two percent of the patients who showed early improvement in the degree of IMR after PCI presented with late worsening of IMR. The biphasic changes in IMR could mean that late worsening in IMR could be because of chronic LV remodeling, which is related to the amount of damaged myocardium. Although there was no significant relationship between the changes in blood pressure and the changes in IMR severity in the present study, blood pressure should be considered as a factor that can influence the magnitude of IMR.
IMR in the Chronic Phase of AMI/ 6 to 8 Months After Primary PCI
After getting through the first 6 to 8 months after primary PCI, mild MR or greater was ultimately seen in one third of the studied patients. Patients with IMR in the chronic phase showed adverse long-term prognosis compared with those without IMR, which is consistent with previously published data. [1] [2] [3] [4] [5] [6] [7] Of note, changes in the degree of MR did not show a significant relationship with outcomes after AMI. Baseline severity of IMR varies in the present study population, and the absolute degree of IMR in each clinical stage would have had greater impact than changes in the degree of IMR.
Incidence of IMR and Culprit Coronary Vessels
The incidence of IMR per culprit coronary vessels was not significantly different in the present study, which is contrary to some previous reports that IMR is seen more frequently in patients with an inferior infarction compared with an anterior infarction. 1,23,24 However, it seems to be still controversial 
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A Pre-PCI Early Post-PCI Late Post-PCI B Course of Ischemic MR After Primary PCI regarding the incidence of IMR per culprit vessels. Some clinical trials have shown no significant differences in the incidence of IMR comparing infarct area. 4, 11, 16, 25 A probable explanation of this discrepancy is the different baseline characteristics of the study population. Most previous studies comparing the incidence of IMR between anterior infarction and inferior infarction are based on the chronic conditions with long-term LV remodeling after AMI including those with or without revascularization under a heterogeneous clinical background. Our study population only includes first-onset AMI who underwent successful primary PCI. Hence, the average EF in the chronic phase is greater than that what has been reported in previous reports, reflecting the effect of PCI in preventing chronic LV remodeling. Further investigation combined with geometric analysis of the LV and mitral valve complex will be needed in this regard.
Clinical Implications
Mitral valve tethering phenomenon has been widely accepted by previous experimental and clinical studies as a mechanism of secondary MR. The existence of IMR in the chronic phase after AMI because of LV remodeling should be considered as an important predictor of an adverse prognosis after surviving the acute phase of the fatal disease. When we think of the mechanism of the MR in a postinfarction setting, its magnitude should change dramatically especially after revascularization. Our results are the first reported examination of the serial, dynamic changes in the IMR from the acute phase of AMI in the era of primary PCI. Our findings provide a new concept of acute IMR detected at ER, with its clinical value in predicting adverse 30-day prognosis after PCI. Incrementally greater event rates were seen along with the severity of IMR at ER, and more careful attention should be paid to patients complicated with ≥moderate MR during the first period after PCI, even if the revascularization was successful. In addition, the present study indicates that the 
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degree of IMR can vary either positively or negatively in at least the first 6 to 8 months after successful primary PCI. Our study shows that earlier reperfusion is an important key for predicting the improvement of IMR along with LV reverse remodeling. At the same time, it also reveals that a greater amount of myocardial damage, especially in a high-age population, can lead to worsening or persistent IMR, even after successful primary PCI. Although door-to-balloon time has been sufficiently shortened in recent years, we should work with general physicians in closer cooperation and should also manage patient education for earlier hospital visitation to shorten onset-to-reperfusion time.
Limitations
First, this study's data collection was retrospective in nature. We could not perform echocardiographic analysis in the chronic phase in 23% of the enrolled subjects, which is an important limitation to providing a reliable story of IMR from ER to chronic follow-up. A certain number of patients are clinically followed up in rural hospitals/clinics after primary PCI at our cardiovascular center, and echocardiographic analysis was not available in these situations. Second, the present study had a relatively limited study population, which was restricted to patients who fulfilled predefined inclusion criteria. Therefore, our results cannot be directly extrapolated to other subgroups of patients, such as those not receiving emergency PCI. Third, the semiquantification method of the severity of IMR by vena contracta may be criticized. However, in the present study, the data of echocardiography was collected retrospectively, thus making this the most reasonable and measurable method. Fourth, the impact of IMR on the outcome of AMI may have been influenced by the concomitant treatment with angiotensin-converting enzyme inhibitors and β-blockers. Although we could not include those medications as possible variables for the outcome in the present study, such medications should be accounted for in the analysis of outcome. Fifth, the pre-existence of MR before infarct cannot A Acute IMR and 30-day MACE free survival B Acute IMR and long-term MACE free survival Course of Ischemic MR After Primary PCI be excluded. This limitation is shared by most studies on this topic. Nonetheless, our prevalence exceeds what has been documented in the general population. Therefore, it is most likely attributed to the myocardial infarction. Further quantitative investigation using 2-dimensional/3-dimensional echocardiography [26] [27] [28] [29] is necessary.
Conclusions
The degrees of IMR changed in the early and chronic phase after primary PCI for AMI. The existence of acute IMR on arrival and persistent IMR in the chronic phase after primary PCI worsened the short-term and long-term prognosis of AMI, respectively. Early reperfusion contributed to the improvement of IMR after PCI. Earlier revascularization is thought to be a key to prevent persistent IMR and thus improve the long-term prognosis of AMI.
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